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SUMMARY COF OBJECTI VES, CONCLUSI ONS, AND | MPLI CATIONS W TH RESPECT TO
OCS 0L AND GAS DEVELOPMENTS

Much of our effort during the first year of our study (FY 76) was
involved in regional characterization of the physical environnent of the
Bering Sea coast of Al aska. This included determ nation of net |ong-
shore transport directions (for the entire study area), characterization
of coastal norphol ogy, and reconnaissance of beach norphol ogy and sedi ment
characteristics (for the northern Bering Sea coast of Al aska and the
Bristol Bay coast of the Al aska Peninsula) . In FY 77, these types of
studies were extended to Pavlov Bay and Cold Bay on the Pacific coast of
the Al aska Peninsul a. These potential deep water ports nmay serve offshore
petrol eum exploitation of the Bristol Bay area in the future. The results
of these types of studies can be used to obtain qualitative assessnments
of coastal stability, in preparing prelininary siting studies for coastal
devel opnents, and in the determnation of the long-term directions of

transport of particulate pollutants in the littoral system

Storms pose nmej or hazards to coastal devel opments along the Al askan
Bering Sea coast. Shallow offshore depths that characterize nuch of
the eastern Bering Sea shelf (particularly the northern Bering Sea)
make coastal areas susceptible to storm surges of |arge magnitude. During
FY 76, debris lines that resulted froma particularly severe stormin
1974 were neasured at nmany |locations along the northern Bering Sea coast
of Alaska. Debris-line elevations provide a conbined nmeasure of sea-level
rise due primarily to wind stress, drop in baronetric pressure, wave
set-up and runup. Measured elevations ranged generally between 3 and
4.75 m The highest debris lines were found al ong the eastern side of
Norton Sound. Ice had begun devel oping along the shore and in shallow
areas prior to the storm Ice blocks, which were lifted by the rise in
sea level, were driven ashore by w nd and breaki ng waves and caused danage
in the village of Unalakleet. Large logs floating offshore and in debris
lines could also be driven shoreward and be battered against coastal
structures. These potential consequences of storns in this environment
pose hazards to coastal developnents in addition to hazards resulting from
fl ooding and wave activity al one.

Qur study on the coastal effects of this major storm continued in FY 77
with investigations on anounts of coastal change in the vicinity of Nome.
Tundra bluffs were eroded as much as 45 m This erosion was, however,
irregular in plan view  Shoreline changes were also conplex. Gant cusps
with a | ongshore wavel ength averaging 413 m were replaced during the storm
by giant cusps spaced 853m  The net effect of these changes was a conpl ex
pattern of shoreline erosion and accretion. For exanple, the shoreline
accreted 50 mat one location wile 150 m away the shoreline eroded 10 m
Interestingly, the net change was accretion. Simlar changes were neasured
for a stormthat occurred in 1950, but in this case the net change was
erosion as expected. The accretion observed for the 1974 storm may be
related to freeze-up processes, but the nechanisns are unknown.

A storm in Septenber, 1977 caused a surge of nearly 2 m Changes in
beach and nearshore profiles that presumably resulted from this storm were
again conplex. One profile conparison indicated net accretion, whereas
a profile located only 50 m away showed evidence of both substantial
accretion and erosion. Coastal change is not, however, restricted to
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stormconditions in this environment. Gant cusps were observed to nigrate
al ong the coast at 5-6 mday during the period 6/23/51 - 7/30/51. This
mgration caused as nuch as 50 m accretion at a given location over a
period of several weeks.

Prelimnary analysis indicate that beach changes in the vicinity
of None are much nore dynamic (and compl ex) than beach changes for
most other coastal areas along the northern Bering Sea coast.

A wave climte nDdel for the northern Bering Sea was devel oped and
used to sinulate wave characteristics during the 1974 storm  \ave
measurenents during high energy conditions are needed, however, to verify
some assunptions used in the nodel. Wave neasurenents were nade near
Nome during the summer of 1977. Unfortunately only fair weather conditons
were encountered during the measurement period.

One use of the kind of data we have provided is to establish a coastal

devel opment set-back line. That is, the appropriate governnent body

woul d prohibit developments within areas subject to inundation by storm
surge or undermining by coastal erosion. Additional input into this

anal ysis nust include the long-termrate of erosion. This question

needs nmore study. For structures that nust cross the coastline (e.g.

pi pelines) the maxi mum scour depth nust be established for both swoms

and over the long-term  Qur investigations of these problens had only
begun.
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| NTRODUCTI ON

A, Ceneral Nature and Scope of Study

Prior to FY 76, little information was available on the coastal
processes of the Bering Sea coast of Alaska. This was a significant
gap in our know edge in view of anticipated coastal and nearshore
devel opments in support of offshore petroleum exploitation.

During the first year of our study (FY 76), nuch of our effort
was involved with regional characterization of the physical environnent
of the coast. This included determination of net |ongshore drift
directions (areas 1, 2 and 3 on Fig. 1), classification of coastal
nor phol ogy (areas 1 and 3) and detail ed reconnai ssance of beach
mor phol ogy and sedi nent characteristics (areas 1 and 3) , From t hese
studies prelimnary assessnents have been nmade on coastal stability,
sedi ment sources and sinks, and sediment transport pathways al ong
the coast. These studies laid the groundwork for the nore quanti -
tative studies of coastal processes that followed.

During the second year of our study (FY 77), detailed investigations
on coastal processes comenced in the Norton Sound area (Fig. 1 area 1)
These studies generally followed two directions. First, historical
studies of the effect of stornms on coastal change from aerial photo-
graphs, debris-line elevations, and conputer sinulations of wave
characteristics for the particularly severe Novenber, 1974 storm
Second, direct neasurements were nade during the FY 77 field season
of the ampunts of coastal change and of the nearshore wave characteristics.
The wave neasurenent program was intended to be a field verification
of the conputer nodel. The direct neasurenments of coastal change was
a first step toward relating amunts of coastal change with computed
wave characteristics.

The ultimate objective of the study was to develop a quantitative
understanding of those processes controlling coastal erosion and
accretion for the diverse coastal types found along the Bering Sea,
coast of Alaska. Qur work on the quantitative aspects of the problem
however, had only just begun when funding was term nated. Work during
FY 78 dealt with reduction of data gathered during FY 77.

B. Specific Objectives

1. Deternmination of the net |ongshore transport directions for
the Bering Sea coast of Alaska (Fig. 1, areas 1, 2, and 3).

2. Characterization of the coastal norphology for the Bristol
Bay coast of the Alaska Peninsula and the northern Bering Sea coast
of Alaska (Fig. 1, areas 1 and 3),

3. Reconnai ssance of beach norphol ogy and sediment characteristics

for the Bristol Bay coast of the Alaska Peninsula and the northern Bering
Sea coast of Alaska (Fig. 1, areas 1 and 3).
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IIT.

4, Determination of net longshore transport directions, coastal
mor phol ogy, and beach and sedi nent characteristics for pavliov and Col d
Bays on the Pacific coast of the A aska Peninsula (Fig. 1, area 4).

5. Measurenent of debris line elevations along the northern
Bering Sea coast of Alaska that resulted from the Novenber, 1974
storm (Fig. 1, area 1).

6. Conmputer sinulation of wave characteristics in the north-
east Bering Sea during the 1974 storm (Fig. 1, area 1).

7. Measurenent of amounts of coastal change in the None area
that resulted fromthe Novenber, 19274 storm (Fig. 1, area 1).

8. Reneasure beach and nearshore profiles during FY 76 and ry 77
in the northern Bering Sea study area (Fig. 1, area 1)

9. Reneasure beach profiles during FY 76 and FY 77 in the
southern portion of the Bristol Bay coast of the Al aska Peninsula
study area (Fig. 1, area 3)

10.  In situ neasurenents of wave characteristics and sea |evel
variations in the vicinity of Nome (northern Bering Sea) (Fig. 1,
area 1) .

c. Relevance to Problens of Petroleum Devel opnent

One use of the type of data we present is in the establishnent
of a coastal devel opment set-back line; that is, the appropriate
government body would prohibit developnents within areas subject
to inundation by storm surge or undernining by coastal erosion.
Additional input into this analysis nust include the long-term
rate of erosion of the coast. This is a question that needs nore
Study . For structures that nust cross the coastline (e.g. pipe-
lines) the maxi mum scour depth must be established both for storms
and over the long term Qur investigations of these problens had
only begun.

CURRENT STATE OF KNOALEDGE

Qur previous work in the area has been briefly summarized in
section 11 of this report (see also Sallenger, et al. , 1977, 1978)

Rel evant work prior to FY 76 includes:

A Greene (1970) observed |ongshore drift directions near None to
be variable for June and July 1967, but predominantly to the east.
Wave heights were generally low (=30 cm), but storns during the late

summer and fall were reported to produce high energy conditions.

B, The Draft E.I.S. for the Lost River Project reports that wave
hei ghts vary from approximately 30 cmin height up to 5to 7 m
with a theoretical maximumof 12 moff the mouth of the Lost
River. Longshore transport is generally from west to east.
Sedinent transported during storm conditions greatly exceeds

that transported under “normal” conditions.
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¢c. The Corps of Engineers conducted several studies in the area
i ncl udi ng:

1. areport on flood protection and navigation inprovenent
for Unalakleet.

2. National Shoreline Report which reports severe coastal
erosion in Dillingham.

D. Several studies attenpting to categorize coastal norphol ogy at
very small scal es have been conducted (e.g. Putnam 1960 and Dolan,
1967) .

E.  Additional studies include work on Quaternary narine transgressions
and old strand lines (e.g. Hopkins, 1967) and several studies on beach
pl acer deposits near Nome (e.g. Geene, 1970) and along the south shores
of Bristol Bay (e.g. Berryhill, 1963).

STUDY AREA

Qur study area includes the Bering Sea coastal areas shown in
Fig. 1. Also, sone reconnaissance |evel studies have been done in
Pavl ov and Cold Bays on the south side of the A aska Peninsula (Fig. 1,
area 4) . Mst of our work, however, deals with the northern Bering
Sea coast of Alaska (Fig. 1, area 1). See section IIB of this
report for the locations of specific studies.

METHODS, RESULTS, DI SCUSSION, AND CONCLUSI ONS

Three separate reports have been prepared.

Page Nunber
A Coastal change along the northern Bering Sea 7
coast of Al aska and the Bristol Bay coast of
the Al aska Peninsula; by A H sallenger.
B. Wave characteristics during the Novenber, 1974 38
stormin the northern Bering Sea; by A H
Sallenger.
¢c. Wave neasurenments and estimates of wave 45

generated littoral transport; Nome,
Alaska; by J. R Dingier.

The first report (A) deals with objectives 5, 7, 8, and 9
(see section I1IIB). The second report (B) deals with objective 6.
The third report (C) deals with objective 10. Qur reconnai ssance
work (objectives 1-4) was discussed in detail in Sallenger, et. al., 1977.
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A COASTAL CHANGE ALONG THE NORTHERN BERI NG SEA COAST OF ALASKA AND THE
BRI STOL BAY COAST OF THE ALASKA PENI NSULA

A. H Sallenger
STORM CHANGES | N THE NOVE- SAFETY LAGOON AREA

NOVEMBER, 1974 STORM

| ntroduction

During the second week of Novenber, 1974 a severe storm noved,
across the Bering Sea and caused extensive damage to conmmunities along
the northern Bering Sea coast of Alaska (Fig' . 2). A detailed descrip-
tion of the neteorological characteristics of the stormis given in
Fat hauer (197S). At Nome, baronetric pressure dropped 56 mb over &
period of 26 hours and peak winds had a velocity of 111 km/hr from
the south. Nearshore waves were reportedly 3-4 min height. (See
al so “Wave characteristics during the Novernber, 1974 stormin the
northern Bering Sea",report B of this section)

The southerly winds and shall ow of fshore depths (e.g. nmean depth
of Norton Sound is approximately 20 m) contributed to a storm surge
of large magnitude along the coast. Elevations of debris lines that
resulted fromthis surge were nmeasured at 30 locations distributed
around the study area. Debris line elevation provides a neasure
of storm sea level rise due predonminantly to the conbined effects of
drop in baronmetric pressure, wnd set-up, wave set-up and run-up. ‘
CGenerally, the major portion of storin 'sea level rise can be attriButdd '™
to wind set-up. The storm surge was superinposed on a spring high tide,
but this was of relatively minor significance since the astrononcal
tide range for the region is low (e.g. the diurnal range at None is
.49 n. Debris line elevations ranged from 3.25 m above nean sea
| evel north of Norton Sound to nearly 5 m along the eastern flank
of Norton Sound (Fig. 3) (data given in Ssallenger, et. al., 1977).
The maxi mum value i s probably a result of the geometry of the Sound
and conpares in magnitude to disastrous storm surges caused by hurricanes
on the @ulf of Mexico coast. At None, storm surge and waves overtopped
a sea wall and caused nearly 15 nillion dollars in damage.

The storm occurred during freeze-up. The northern Bering Sea
general |y has greater than 80% i ce coverage between | ate Novenber
and mid-My. This led to sone interesting consequences in regard
to coastal change and novenent of coastal sedinents.

Bl uf f Erosion

In the vicinity of Nome, bluffs 2-5 min height extend along the
coast for 40 km  These are generally conposed of nuds and are overlain
by tundra vegetation. Vertical aerial photography is available for
this region for June 17, 1974 and July 23, 1976. Except for the.
Novenber, 1974 storm no stormof sufficient nmagnitude to significantly
erode the bluffs occurred during this period. Thus, conparisons of the
relative positions of bluffs for these two tines should yield the ampunt of
change attributable to the 1974 storm Using a zoom transfer scope, bluff
positions were plotted for each time at a common scale of approximtely
1:5700.
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Fi g. 3. Summary of measurements of debris line elevations. These are based on 30 neasurenents of debris |ine
elevation distributed evenly around the study area. The elevations are referenced to observed sea level due to
the paucity of predicted and neasured tidal information for the area. This causes no large errors since the
astrononmical tide range for the region is relatively low.  pFor exanple the diurnal range at Nome is .49 m
Consequently, to consider the nmeasurenents referenced to nmean sea | evel would suggest maxi num errors of
approximately + 25 cm



Bluffs were eroded as much as 45 m The erosion was, however,
irregular in plan view, ranging from O to 45 m east of Nome where
bluffs are 1.5 to 2 mhigh and 0-18 m west of Nome where bluffs are
3-5 mhigh. &an exanple of this irregular pattern of erosion is shown
in Fig. 4a where an enbaynent separated by two pronontories was
eroded into a once linear bluff. That the bluff was linear prior to
the stormis confirned by pre-storm photography. Depth to permafrost
inland from the coast ranges from approximately .5 to .8 m depending
on the conposition of overlying material, but is nuch deeper near the
coast and on the beaches (Geene, 1970) . Variations in the |ateral
proximty of permafrost to the bluffs prior to the storm nmay have
contributed to the observed non-uniform amunt of erosion.

The surface of the platformto the left of the observer in Fig. 4B
was presumably at or near the surface of permafrost prior to the storm
A .5-1.0 mthick layer of sedinment and tundra that laid on top of the
platform was stripped off by the storm waves whereas the frozen material
bel ow was resistant to nodification. These platforms were best devel oped
at the promontories discussed above. The phot ograph was taken in July,
1975 about one nmonth of ice free conditions after the storm No |onger
having the insulating protection of the overburden, the platform had
eroded away by solifluction and other processes by the summer of 1976.

Shorel i ne Changes

Shoreline changes were conplex. A ong the barrier spit enclosing
Safety Sound (Fig. 2) , vertical aerial photographs are available for
17 June 1974 and 9 September 1975. In this area, nearshore ice generally
protects the beaches from nodification by waves until mid-June. Since
the storm occurred during freeze-up, the ice-free interval between the
storm and post-storm photographs was approximately three nonths. Except
during storm conditions, wave energy in this environment is quite |ow
For exanple, during the summers of 1976 and 1977 wave hei ghts were
generally 0.3-0.6 mor less, except during the latter part of the ice
free season (late Septenber through Novenber) when storms were frequent.
G eene (1970) reported simlar neasurements. Furthermore, repetitive
profile measurements during the summers of 1976 and 1977 showed that
coastal change was nminimal except during storms. No |large storms occurred
during the interval between the storm and post-strom photographs or
during the pre-storm photographs and the storm  Thus , conparisons of
shoreline positions between the two sets of photographs may provide
a reasonable neasure of shoreline change attributable to the major
1974 storm

Prior to the storm giant cusps with a longshore wavel ength

averaging 413 m were observed (Fig. 5). G ant cusps are crescentric

and regularly spaced shoreline features sinilar in formto beach cusps,
but are an order of magnitude or more larger and are generally associated
with offshore bars. The pre-storm cusps observed, however, were not
obviously associated with a bar. A bar was visible on aerial photographs
through the sea surface, but it was sinuous and irregular in plan view
with no apparent relation to the cusps. However, there may have been

an inner bar present that was not visible in the photography. The pre-
storm cusps were apparently destroyed by the storm and were replaced by
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vig. 4. A Aerial view of the post-stormbluff. Note the embayment and
two pronontories on the left. This was a result of nonuniform erosion
during the storm (see text). B. Gound view of one of the promontories
shown in Fig. 3A. Note the platformto the left of the observer.
Presumably, the surface of the platformwas at the surface of pernafrost
prior to the storm The unfrozen overburden was stripped off by storm

waves.
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much larger giant cusps spaced 863 m (Fig. 5). Oblique bars that were
obviously associated with the new cusps were observed on the post storm
phot ography. The net effect of these changes was a relatively conplex
pattern of erosion and accretion. For exanple, the shoreline accreted
50 m at one location while 150 m away the shoreline eroded 10 m
Interestingly, the net change was accretional.

The giant cusps also controlled the location and extent of over-
wash; the overwash extending farther |andward opposite embayments of
the rhythmic shoreline topography (Fig. 6). In the sane manner
gi ant cusps appeared to control the erosion of coastal vegetation.
For exanple, in Fig. 6 it is seen that the beach grass closely parallels
the form of the giant cusps. On the Quter Banks of North Carolina,
Dolan (1971) made a similar observation. The regul ar spaci ng of
breaches in a dune ridge following a storm matched the spacing of giant
cusps

COVPARI SONS OF SHORELINE CHANGES BETWEEN THE 1974 AND NOVEMBER, 1950 STORMVS

Shoreline conparisons based on photography from August 28, 1950 and
June 22, 1951 showed sinilar changes in giant cusps. A relatively severe
storm with southwesterly winds was recorded at Nome on Novenber 10, 1950.
On the pre-storm phot ography giant cusps spaced 363 m were observed
(Fig. 7). These were replaced by very large cusps spaced 1.7 km
presumably as a result of the storm Again a conplex pattern of erosion
and accretion resulted where at one location the shoreline eroded 41 m
while 140 m away the shoreline accreted 12 m In contrast to the 1974
storm however, the net change was erosional.

The net accretion associated with the 1974 stormis perplexing. The
compari sons of photography for both the 1950 and 1974 storns had good
control. Nunerous stable irregularities on the |agoon shoreline were
used to match scales and orientation. Also, the trends for each storm
were generally evident on all photographs conpared.

It is interesting that air tenperatures preceding each stormwere
quite different. They r.mained well below 0° C on the five days preceding
the 1974 stormwith daily mininmuns as lowas -23° C (Fig. 8) . Preceding
the 1950 storm.air tenperatures were much warnmer and general ly above 0° C
When sea water tenperature falls below its freezing point, an ice foot
will begin to develop along the shoreline. An ice foot can formby a
nunber of mechanisns (see for exanple Joyce, 1950). One of these is the
freezing of spray and swash on the foreshore. By this process a ranpart
is buil't conposed of ice and sedinent which protects the foreshore from
modi fication by waves. During storms, an ice foot of large proportions
can be formed (Rex, 1964). For the 1974 storm however, the optium
tenperatures for ice foot formation existed prior to the storm There
may have been a thin covering of sea ice present in Norton sound prior to
the storm The southerly w nds could have pushed this ice against the
south facing beaches. Perhaps these freeze-up processes contributed
in sonme manner to the shoreline accretion observed for the 1974 storm
The nechanism is, however, unclear. The source of sedinent may have
been from the wide storm surf zone, but it is difficult to perceive
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Fig. 6. Post-stormaerial view of the barrier spit enclosing Safety Sound.
Note the maxi mum extent of overwash is opposite the enmbayments (arrows)

of the rhythmc shoreline topography. Also, the beach grass line parallels
the rhythmc shoreline.
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how suf ficient sedinent would be displaced | andward to account for the
observed large scale changes. Furthernore, it appears that these potentia
ice effects were not capable of preventing modification of the I|andward
parts of the barrier by storm surge and waves (Fig. 6).

Per haps post-storm accretion occurred prior to the post-storm
phot ogr aphy. Near shore ice generally protects the beaches until md-
June. Thus , there was approxinmately a three nonth interval between the
storm and the post storm photography during which the shoreline could
prograde. However, it is questionable that there would be up to 50 m
of accretion beyond the pre-storm shoreline as a result of nornal
rebuil ding processes following the storm Post-storm accretion cannot,

however, be ruled out.

SEPTEMBER, 1977 STORM

A noderately severe stormwas recorded at Nome in early Septenber,
1977. A debris line at None harbor that resulted fromthis storm
was approximately 2 m above MSL. Beach and nearshore profiles were
nmeasured in the None area during the third week of August and were
remonitored during the second week of Cctober. (Methods used in
profiling are given in an appendix immediately following this
report.) Conparisons of these profiles show the amunt and character
of coastal change that occurred during this period. Presumably, nuch
of the change can be attributed to the Septenber storm

Two of these conparisons from Safety Lagoon are shown in Figs. 9
and 10. The locations of these profiles are shown in Fig. 11. The
profile lines are parallel and 50 m apart, and are oriented approxi mately
normal to the shoreline trend.

The conparison shown in Fig. 9 indicates that the net change was
accretion. A bar was fornmed approximately 250 m seaward of the normal
shoreline. In contrast, Fig. 10 shows that only 50 m away there was
both substantial erosion and accretion. Again, a bar has forned. The
sedi ment may have been supplied from erosional areas both seaward and
shoreward of the bar. The foreshore slope has been decreased as woul d
be expected during a storm yet this decrease in slope was the result
of accretion. CQher profile conparisons in the area showed the same
types of conplex changes.

Qobvi ously, nearshore changes in this environnent are quite conplex,

NON- STORM CHANGES | N THE NOME-SAFETY SCOUND AREA

The wave climate of the northern Bering Sea is domnated by locally
generated sea. Swell waves generated in the southern Bering Sea are
greatly reduced in magnitude by refraction and frictional dissipation
over the wide continental shelf before reaching the coast. Thus, in
the absence “of strong onshore w nds, nearshore wave conditions can be
quite low. This low wave energy probably accounts for the very snall
scal e changes observed in profiles measured at the beginning and end
of the 1976 field season, a period during which no storns occurred.

(See Sallenger et. al., 1977)
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This is not to inply, however, that coastal change occurs only
during severe stornms. Vertical aerial photography is available for
6/23/51, 7/13/51 and 7/30/51 for a portion of Safety spit (Fig. 2).

G ant cusps spaced 1.7 km were observed on the 6/23/51 photography.
These cusps were apparently formed as result of the severe Novenber,
1950 storm as has been discussed earlier. A comparison of shoreline
positions in the vicinity of the cusp horns is shown in Fig. 12. Wnds
were dom nantly from the southwest during the period covered by the
phot ography. Locally generated waves caused a net transport to the
east along the coast. In response to this transport, the cusps
mgrated along the coast at 5-6 miday. This migration caused as much
as 50 m accretion at a given location over a period of several weeks.

COVPARI SON OF BEACH CHANGES | N THE NOME-SAFETY
LAGOON AREA TO OTHER BEACHES IN THE
NORTHERN BERING SEA

Beaches in the Nome-Safety Sound area are conposed of sands and
pebbly sands, whereas nost other beaches along the northern Bering.
Sea coast are conposed of coarser sedinments (sandy gravels and coarser)
(sallenger, et. al., 1977). Exanples of the coarse grained beaches are
1) the reach fromthe York Muntains (located in between Bering Strait
and Port Clarence) to the entrance to Norton Sound, and 2) the east
coast of Norton Sound.

The norphol ogy of these coarse grained beaches is quite different
than that of the finer grained beaches in the None-Safety Sound area
1) Gant cusps are generally absent so the response of these beaches
can be considered a two dimensior~l problemrelative to that of Nome-
Safety Sound beaches. 2) Nearshore bars are generally absent.

3) These beaches are characterized by a very proninent storm berm

(see sallenger, et. al., 1977).

During the 1974 storm these coarse beaches were built vertically

to an el evation approxinmately equal to that of the storm-swash run-up.
This was determned by conparing the elevations of debris lines, which
approxi mate the elevation of storm run-up, “with post-storm berm crest
el evations {Fig.13) . Under non-stormconditions, low wave heights
(averaging approximately 30 cm) and the low tidal range (diurnal range
is .5 nm essentially prevents the storm berns from bei ng reworked.
In fact, neasurenents of profiles |ocated on coarse grained beaches at
t he begi nning and end of the 1976 field season (a peried during which
no storms occurred) showed that there was essentially no change in the
profiles, (Sallenger, et. al., 1977).

In the Port Clarence area, profiles were neasured again during
the 1977 field season. Conparative plots for two profiles are shown

in Fig. 14and Fig. 15 . The locations of these profiles are shown in
Fig. 16. (Methods used in neasuring profiles are given in an appendi x
following this report] Most of the change in beach elevation is con-

fined to the md and |ower foreshore (nost of the change for the back-

shore shown in B12 (Fig. 15 ) is spurious due to 1) the linear inter-
pol ati on between data points and 2) the different densities of data
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on the backshore for different surveys) . A relatively small armount of
accretion is observed between the fall 1976 profile and the July 1977
profile (Fig . 15) . This is probably a result of 1) ice foot formation
during freeze-up of 1976 and 2) reworking by relatively snall waves.
Erosion of the foreshore is observed between the July and Cctober 1877
profiles (Fig. 14 and Fig. 15). This is probably the result of the
Septenber, 1977 storm discussed in the previous section.

Large scale shoreline changes over short time periods, such as
observed for the Nome-Safety Lagoon area, are not apparent for the
coarse grained beaches (based on prelimnary analyses of aerial
photographs) . This is due primarily to the absence of giant cusps
along the fine grained beaches. The nagnitude of |ong term change is,
however, unknown.

COVPARI SON OF BEACH CHANGES ALONG THE BRI STOL BAY COAST OF THE
ALASKA PENI NSULA TO THE NORTHERN BERI NG SEA COAST OF ALASKA

During our reconnaissance of the Bristol Bay coast of the Al aska
Peninsula in Septenber 1976, beach profiles were nmeasured. Selected
profiles south of Pt. Moller were reneasured during August, 1977

Simlar to the Nome~Safety Sound area, beaches South of Port
Yel l er are generally conposed of sand sized naterial and giant cusps and
nearshore bars are commn (Sallenger, et. al., 1977) . (Sedi ments, how-
ever, are volcanic rock fragnents, whereas sedinents in the Nonme-Safety
Sound area are primarily quartz and garnet sands)

In contrast to the coarse grained beaches of the northern Bering
Sea, bermcrests are between 1-2 m above nean higher high water (sallenger,
et. al., 1977). \Wave energy appears to be higher along the southern
portion of the Alaska Peninsula than Norton Sound (due to a greater
effective fetch and deeper offshore bathymetry}). Consequently, berns
are probably reworked during spring tides, whereas berns of the coarse
grai ned beaches in the northern Bering sea are reworked only during
severe storms.

Exanpl es of conpared profiles are shown in Figs. 17-20 . The
| ocations of the profiles are shown in Fig. 21. Three of the profiles
show erosion (Figs.17,19 and 20) . The rmaximum amount Of erosion is in
excess Of one meter. However one profile shows nearly 1 m of accretion.
The same type of conplex changes observed in the Nome-Safety Sound area
(involving giant cusps) are probably also active in this environment.

In view of 1) the relatively high incident wave energy, 2) relatively
frequent reworking of berms, and 3) analyses of conpared profiles, beach
changes appear to be much nmore dynam c along the southern Bristol Bay
coast of the Alaska Peninsula than beach changes along the northern
Bering Sea coast of Alaska. However, our data base is limted
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APPENDI X

METHODS USED | N MEASURI NG BEACH AND NEARSHORE PROFI LES

Because of the acquisition of new and nore accurate instrunentation
for the 1977 field season, different techniques were used in the 1976
and 1977 field seasons for neasuring beach and nearshore profiles
(Note: in some locations, e.g. Al aska Peninsula, only beach profiles
wer e neasured)

Met hods used during 1976 field season

The onshore part of each profile was surveyed using a |evel and
stadia rod. A permanent marker was driven into the ground at the shore-
ward end to each profile to permt reoccupation of the profiles on sub-
sequent trips. \Wenever possible, this stake was |ocated behind the beach

in the tundra to mnimze the chance of loss. In all cases the stake
hei ght was measured so the profiles could be vertically referenced to
a fixed point (the stake top) . A second stake was placed seaward of

the reference stake to serve as a backup marker and to keep the stadia
rod carrier on the profile line. Horizontal distances were obtained
using special range finding cross hairs in the level. Wth this

techni que horizontal resolution is at least + 1 mat all distances

El evations were read to 1 cm The elevation—ef sea level with respect
to the level was neasured and used to tie together onshore and of fshore
parts of the profile.

After the onshore profile was conpleted, two navigation flags were
also placed on the profile line. One flag was |located at the |evel
(usually at the bermcrest), and the other was (generally) placed near
the water line. A perpendicular to the profile line was shot from the
level to locate a third flag down the beach. This last flag was situated
on the order of 100 mfromthe level. Then the boat, with precision
fathoneter nounted ami dships, slowy ran at constant speed toward the
beach using the two navigation flags to stay on course. At intervals
of a fewto tens of seconds the angle to the third flag was nmeasured with
a sextant and corresponding mark made on the fathometer record. During
the first trip (1976 field season) offshore profiles were run in
triplicate; on the second trip multiple passes were made only on
occasion. Sextant readings were made to the nearest 10 minutes; resolution,
therefore, varies with position along the profile line. The fathometer
record can be read to 0.1 mwhen the sea is perfectly calm  Superinposed
wave notion adds uncertainty to this reading because it is not easy to
conpl etely renove the wave conponent fromthe fathonmeter record. A
compari son of three beach and nearshore profiles run at the same |ocation
on the sane day is shown in Fig. 22. It is clear the method produced
reproducible results.

Met hods used during 1977 field season

Nearshore portions of a profile were monitored with a precision
fathoneter mounted in a 5.8 minflatable boat powered by twin 40 h. p.
engines. The electro-optical distance measuring capacity of the Total
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Station (Mdel 3801A; Hew ett-Packard) was used for positioning the boat
on profile lines. The Total Station neasured the horizontal distance to
the boat as the boat noved shoreward along a profile line. The instrunent
has a range of 1.6 km under average conditions and an accuracy of

+ (4.9 nm+ 3 cmper 300 m for slope distance and 30" for zenith angle.
The horizontal distance is conputed internally from slope distance and
zenith angle. The onshore portions of the profiles were measured using
the vertical and horizontal distance capabilities of the Total Station.
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B. WAVE CHARACTERI STICS DurING THE NOVEMBER 1974 STORM | N THE NORTHERN
BERI NG SEA

Asbury H Sallenger

Swel | waves undergo extensive refraction and frictional dissipation
as they propagate across the w de, shallow continental shelf of the
northern Bering Sea. For exanple, eight-second swell waves, moving
nort heast from the southern BeringSea, will begin to be influenced
by the bottom nearly 300 nm south of Nome (Fig. 23). Thus , sea waves,
those in the process of generation, domnate the coastal wave climte.
During storns, these sea waves can apparently build to relatively
| arge dinensions and the shallow shelf contributes to storm surges of
| arge magnitude. For exanple, during a stormin Novenber 1974, waves
were reportedly 3 to 4 mat Nome and debris lines were left nearly
5 m above nean sea |level in the Unalakleet area (see Sallenger, et al.
1977 and section V A of this report).

I have attenpted to sinulate the wave characteristics during the
1974 storm using the refraction program devel oped by Dobson (1967)
and nodified by Thrall (1973) to include the effects of continuous
wave generation. To some extent, Thrall (1973) followed the conputer
logic outline by St. Denis (1969). | have nodified the program further
by incorporating the effects of frictional dissipation using the
met hod of Bretschneider and Reid (1954).

The program is based on linear small-anplitude progressive wave
theory. This leads to the follow ng assunptions. 1) Wave anplitude
is small relative to wave length. 2) Wave profile can be approxi nated
by a sinusoid. 3) Flow is two-dinmensional, irrotational, in viscid,
inconpressible, and fluid is of constant density. Qher assunptions
are: 1) bottom contours are snooth; 2) energy is not transmtted
along wave crests; 3) water surface is a plane; 4) diffraction and
reflection are negligible, 5) friction factor is equal to .01.

Inputs into the conputer programwere: 1) a 4.2 nmgrid of

depths of the northeastern Bering Sea, and 2) initial fetch length,

wind velocity, and wind direction as determned from surface pressure

weat her charts. The initial fetch length was sufficiently small so that the
waves would initially be in deep water (i.e. , the ratio of water depth

and wavel ength was less than .5). The program propagates waves across

the shelf to the shoreline in discrete increments incorporating the

effects of refraction, shoaling, bottom friction, and wave generation.

Two conditions are presented: 1) southerly winds at 47 knots at
1800 BST on Novenber 11, 1974 (interpolated from weather charts) and
2) south westerly winds (200°) at 57 knots at 0100 BST on Novenber 12.
As afirst approximtion, the increase in depth over the shelf due to
storm surge was considered uniform Two neters and three neters were
used for condition 1 and 2, respectively. For each condition, waves
were propagated over the maxi num fetch length indicated on the respective
surface pressure charts. This assunes that the fetch length and wind
characteristics were fixed in time and space. Thus, results shoul d
provide the maxi mum wave heights that should result from an individual
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condi tion. One coul d change the wind velocity and direction in
increments as the waves are propagated (that is, as the storm noves
northward) . This, in many cases, would decrease the wave height

since the wind would no | onger be blow ng parallel to nost orthogonal
As will be shown, this exercise did not appear to be warranted, since
the resulting wave heights appeared to be |ower than what was observed
in nature even when using the maxi num condition.

Pl ots of wave orthogonal (lines which are everywhere normal
to wave crests) for the two conditions are shown in figures 24 and
26. An interesting feature of both these plots is the extensive conver-
gence of orthogonal offshore of the Yukon Delta (see the areas where
four adjacent orthogonal abruptly terminate) . Here one would expect
relatively |large wave heights and confused seas whi ch nay pose hazards
to navigation.

vave hei ghts along the shoreline for these two conditions are
shown in figures 25 and 27. In figure 25 (wind 47 knots) wave heights
reach a maxi num of =2.5 mnear the Bering Strait and then decrease to
about one meter in the Nome area. vFor the higher winds (57 knots,
fig. 27) wave heights in the Nome area were 2 min height which, as
expected, is substantially larger than those for condition 1, but is
significantly | ower than wave heights reported for Nome during the
storm (=3-4 m.

It is very difficult to obtain an accurate measurenent of wave
hei ght from the shore by visual nmeans alone. Thus,the difference in
comput ed versus observed wave heights may not necessarily indicate a
problemwith the nodel. However, nodels such as the one used here
have not, to nmy know edge, been verified. This is particularly true
| believe, for the case of waves undergoing bottom influences and
wave generation, sinultaneously, over relatively long distances and
shal low depths. Cearly, nore field neasurenents are needed to
substantiate these shallow water wave nodels. Changes may be required
in both the basic equations and in the conputer logic (i.e., how and
in what sequence the equations are applied] . W have obtained sone
wave neasurements in the None area (see section V C of this report)
Unfortunately, these were under relatively |ow energy conditions
There is a need for neasurenments both along the coast and in deep
wat er under high wind (and well defined fetch) conditions
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VAVE MEASUREMENTS AND ESTI MATES OF WAVE- GENERATED LITTORAL TRANSPORT;
NOME ,  ALASKA
John R Dingier

None, Alaska i s |ocated on the coast of Norton Scund. a shall ow arm of
the northern Bering Sea (Figure 1). Because the area i s remote, very 1little
i s known about 1local coastal processes. Recently, however, research in the
region has increased dramatically in conjunction with the possibility of
| arge-scal e oil exploration and recovery. The purpose of this part of OCSEAP
Research Unit 431 was to determine wave conditions and sedinent transport

rates in the nearshore during the ice-free nonths. It was hoped that the
study period would include both fair and storny weather, but only fair weather
conditions were nonitored the first field season (1977). The foll ow ng

season’s field work was cancelled because of a paucity of funds.

The position of land fornms around the Bering Sea (Figure 1} strongly
suggests that nost waves reaching the Nome area will be generated either
locally or in the southern Bering Sea. Al t hough waves could reach the area
fromthe Pacific Ccean, the Aleutian Islands probably absorb nmost of that wave
energy. The location of St. Lawence and Nunivak Islands further restricts
the anount of wave energy reaching None; only waves approaching from
directions betweeen 193° and 229°N will be able to enter Norton Sound.

Wave generation depends on three factors: wind speed, wind duration, and
fetch. During the sumer, nmeasurenments taken by the Corps of Engineers in
Nome showed that wind speed was |ow and direction variable. This nmeans that
nost locally generated waves will have short periods and small hei ghts since
fetch lengths are short except fromthe south.

During July and August, 1977, wave pressure measurenments were nade in 7 m
of water near Nome in order to determine the littoral transport rate along the
adj acent coastline (Figure 2). Data were collected from a four-sensor array
and transmitted tO0 a shore-based recording station using a Shelf and Shore
(SAS) System (Lowe, et al, 1973). The SAS System operated every six hours,
and a total of 796, 10 minute tine series were recorded at four series per
transmission (Table 1). A scan of the tine series showed that the wave period
was generally short and wave height [ow during the study period, but that
occasi onal higher energy events occurred (Sallenger, et al, 1978).

Spectral analysis of 183 of the raw data records produced 420 wave trains
(spectral peaks) for which wave period, height, and direction were cal cul ated
(Table 2). Peak wave periods ranged from3:9 to 18 sec with a nmedian of 6.7
sec. Wave heights ranged from2 to 162 cmwith a nedian of 16 cm  The total
wave energy for each record, which was obtained by averagi ng the appyopriate
Fourier coefficients fromthe four sensors, ranged from8 to 5500 cmW th a
median Of 130 cm*(Table 1).

Wave trains approached the study site from directions between 126° and
229°N (Figure 3). \aves of periods greater than 6 sec al nost exclusively came
fron the w ndow between the two islands (236 out of 259 wave trains), whereas
shorter period waves came froma w der range of directions (only 63 out of 167
wave trains cane fromwithin the wndow). This wave pattern is reasonabl e,
given the location of Wome and the summer wind patterns in the area. Locally
generated waves, which come froma w de range of directions, are short in
peri od: Longer period waves originate in the southern Bering Sea or, perhaps,
in the Pacific Ccean.

The littoral transport rate, the rate at which sediment noves alongshore
inside the surf zone is readily estimted from spectral wave parameters. The
sediment transport rate, for reasons listed in gomar (1976, p. 206), is
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expressed here as an immersed weight transport rate L and i s given by

I, = K(ECn) sina coso . (1)

Tn Equation ], Kis a dimensionless proportionality Coefficient equal to 0.77,
E is the wave energy, Cn is the wave group velocity, @ is the angle between

the wave crest and a line parallel to the shoreline. and b is a subscript that
denotes breaking wave conditions. The equation

Il = (ps - p)ga'Sl (2)

relates I; to the longshore volume transport rate of sand s;. In Equation 2,
Pe is the sedinent density, e is the fluid density, g is the acceleration of
gravity, and a° is a correction factor for the pore space of the beach sand
(taken as 0.6).

The conputer, using wave paraneters at the array, calculated I, for each
of the 420 peak frequencies. The wave trains were not refracted to the
breaker zone; in this situation, using wave paraneters at the array does not
rhanoe 8k Wi t hi nex?erimental error. For the 420 wave trains, I, ranged from~
=7.5*%107"to 7.2*10° dynes/see with eastward transport ocurring 78% of the
tine. The average sediment transport rate for the summer was 1.3%*10
dynes/sec toward the east. Easterly transport is consistent wth the
transport direction deternmined from the coastal norphology that was observed
by other nenbers of this group.
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Figure 29. Rose diagram for wind directions as a function of period. Solid
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TABLE 1

information for the 200 transnissions during July, August and

Summary
Enpty spaces in the last two columms nean that wave spectra

Sept enber, 1977.
were not run.
Col um headers:

# = Experinment nunber

D = Date

T =Time (Bering Standard Tine)

h = Mean water depth (cm 5
Ep = Average total energy for the four sensors {em®).

424



NO.

NOO1
NQ02
NCO3
NCO4
NC05
NOO06
NOO7
NOO08
NO09
NOI O
NOL

N012
NO13
NOL4
NO15
NO16
NO17
NCOL8
N019
NO20
NO21
N022
N023
NO24
N025
NO26
NO27
N028
N029
NO30
NO31
N032
NO33
N034
NO35
NO36
NO37
NO38
NO39
NO40
NO41
NO042
N043
NO044
NO045
N046
NO47
N048
NO049
NO50
NO51

DATE

QJULT77

QJUL77
10JUL77
1 0JUL77
10JUL77
1 0JUL77
11JUL77
1 1JuL77
11JUL77
16JUL77
16 JulL77
16JUL77
16JUL77
17JUL77
17 JUL77
17JUL77
17 JUL77
18JuL77
18 JuL77
18JUL77
18 JuL77
19JUL77
19 JUL77
19JUL7 7
19 JUL77
20JUL77
20JuL77
20JUL77
20JUL77
21 guL77
21 JuL77
21 JuL77
21 JuL?7
22 JUL77
22JUL77
22 JUL77
22JuL77
23 JUL77
23JuL77
23 JULT7
23 JulL77
24JULT7
24JuL77
24 JULTT
24JUL77
25 JUL77
25 JulL77
25 JulL77
25 JulL77
26JUL77
26JUL77

TI ME
(BST)

1630
2230
0430
1030
1630
2230
0430
1030
1630
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640

h

(cm)

716
700
716
674
707
707
712
691

707
696
713
731
701
694
705
729
698

741
696

698
737
703

716
754

712
699
743
706
708
700
726
694
692
691
707
681
688
692

692
721
712
711

425

1610
3416
118
149
103
78
174
138
76

251
44

4260
235
158

130
149

47
35
37
1028

12
16
637
970
80
1461
129
1633

1114
195
111

83



NO.

N052
NO53
NO54
NO55
NO56
NO57
NO58
NO59
NO6O
NO61
N062
N063
NO64
NO65
NOG6
NOG7
NO68
NO69
NO70
NO71
NO72
NO73
NO74
NO75
NO76
NO77
NO78
NO79
NO80
NO81
N082
NO83
NO84
NO85
NO86
NO87
NO88
NO89
N090
N091
N092
N093
N094
N095
NO96
NO97
NO98
NO99
N1OO
N101
N1 02

DATE

26JuL77
26JUL77

27
27
27
27
28
28
28
28
29
29

JuL77
JUL77
JuL77
JuL77
JuL77
JuL77
JUL77
JuL77
JuL77
JuL77

29JUL77
29JuL77
30JUL77
30JUL77
30JUL77
30JUL77
3 1JUL77
31 JUL77
3 1JUL77
31 JUL77
1AUG77
1AUGT7
1AUG77
1AUG77
2AUGT7
2AUGT7
2AuGr7
2AuGr7
3AUGT7
3AUGT7
3AUGT7
3AUGT7
4AUGT 7
4AUGT 7
4AUGT 7
4RUG77
5AUGT 7
S5AUG77
5AUGY 7
5AUGT7
6AUGT 7
6AuUGr7
6AUGT 7
6AUG77
TAUGT 7
TAUGr7
TAUGT7
TAUGT7
8AUG77

TI ME
(BST)

1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040

h

(cm

693
735
706
711
677
723
687
693
667
714
696
696
673
715
717
699
683
710
720
698
695
705
730
692

683

679
702
689
746
705
730
705
744
697
702
672
714
679
697
683
704
684
683
701
708
698
700
732
728

426

(cm)

130
311
290
92
65
432
41
45
92
260
239
173
130
1225
2846
130
1258
611
35
808
73
45
3987
824

540

1208
1033
2194
1389
865
66
50
99
134
184
661
1208
1397
1824
2204
3228
2801
4782
1723
2988
1316
1133
3022
1928



N103
N104
N105
N106
N107
NI108
N109
NIIO
N111
N112
N113
N114
N115
N116
N117
N118
N119
N120
N121
N122
N123
N124
N1 25
N126
N127
N128
N129
N130
N131
N132
N133
N134
N135
N136
N137
N138
N139
N140
N141
N142
N143
N144
N145
N146
N147
N148
N149
N150
N151
N152
N153

DATE

8AUGr7
8AUGr7
8AUGr7
9AuUG/7
9AUG77
9AUG77
9AUG77
1 0AUGI7
10AUG/ 7
1 0AUGI7
10AUGT 7
1 1aUG77
11 AUGI7
1 1AUG77
11 AUGr 7
1 2AuGr7
12AUGT 7
1 2AuGr7
12AuGr 7
13AUG/ 7
13AUGT 7
13AUG/ 7
13AUG/ 7
14AUGT 7
14AUGT 7
14AUGT 7
14 AUGI7
15AUGT 7
15 AUGr7
15AuG7 7
15 auGc77
16AuGr7
16 aUG77
16AUG77
16AUG77
17AUGT 7
17 auG77
17AUGT 7
17 auG77
18AUGT 7
18 auG77
18AuG7 7
18 AUGI7
19AUGT 7
19AUGT 7
19AUG/ 7
19 auG77
20AUGT 7
20AUG/ 7
20 AUGI7
20 AuGr7

TI ME
(BST)

0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840

h
(cm

733
732
763
740
725
700
716
702
699
693
733
718
709
691
722
711
687
683
716
719
701
697
714
725
702
703
712
705

658
677
677
674
703
670
685
694
740

691
651
682
662
712
690
724
704

427

‘T2
(cm)

2315
855
189
28
166
93
2510
3022
1928
2315
855
189
245
916
267
1145
1208
1761
255
144
94
125
99
52
77
94
42
735

275
884
267
766
843
2058
1140
2454
2061

1947
5486
422
488
306
548
57
57



NO.

N154
N155
N156
N157

N158
N159
N160
N161

N162
N163
N164
N165
N166
N167
N168
N169
N170
N171

N172
N173
N174
N175

N176
N177
N178
N179
N180
N181
N182
N183
N184
N185
N186
N187
N188
N189
N190
N191

N192
N193
N194
N195
N196
N197
N198
N199
N200

DATE

21 AUG77
2 1AUGTT7
21 avG77
21 AUGT7
22 AuGr7
22 AUG77
22AUGT 7
22 AuGr7
23 AuGr7
23 AuGr7
23 AUGT7
23AUGT 7
24AUG77
24 AuGr7
24AUG77
24AUG/ 7
25 AuGr7
25 AuGr7
25 AUG77
25 AUG77
26AuGr7
26AUGT 7
26 BLUG77
26 AUGT7
27 AUGT7
27AUGT 7
27 AuGr7
27 AuGr7
28AUG/ 7
28 AuGr7
28 AUG?7
28 AUG77
29 AuGr7
29AUG/ 7
29AuG/7
29 AUG77
30AUGT 7
30AUGT7
30AUGT7
30AUGY 7
31 auGg77
31 AUG77
31AUG/ 7
31 AUGT7
1SEPT77
1 SEPT77
1SEPT77

TI ME
(BST)

0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240
1840
0040
0640
1240

h
(cm

717
680
699
701
709
687
710
718
722
709
710
736
714
712
704
733
704
702
697
743
713
723
699
746
723
728
701
735
724
708
686

687
678
691
715
690
692
685
721
690
707
693
737
696
723

428

(cm)

22
11
28
1420
10
444
25
73
442
47
1086
120
26
21
16
25
18
33
193
53
36
23
80
22
24
31
18
15
14
105
210

199
82
82
56

112
60
67
78
71
56
34
39
24
20



TABLE 2

Spectral paraneters for the 420 wave trains. The frequencies corresponding
with the listed frequency bands are given in Table 3.
Col um headers:
EXP = The experiment nunber (see Table 1)
Bs = The frequency band on the low frequency side of a peak.
e = The frequency band on the high frequency side of a peak.
Bp = The peak frequency.
T = The peak period (see).
ANGLE = The approach angle (“N).
H = The rms waveheight for the peak frequency (cn.
H = The rms wave height for the whole peak (cm
11 = The littoral sedinent transport rate (dynes/sec).

429



EXP Bs Be Bp T  ANTLE H H' I1

(sec) (degy {em) {cm) {dyn/sec)

NOO1 713 12 5.5 210 4.1 7.4 0. 103 407
NOO1 13 18 14 4.7 244 3.7 05 0. H23e+(F
NOO1 3 7 5 14.0 211 2.3 3.5 0. 227e+07
NOO? 8 15 11 A, 1 207 4.9 8.9 0. 137e+0?
NOO2 15 18 17 3.9 254 3.5 5. 6 0. 33fe+06
N0OO2 3 8 7 9.8 207 2.3 4.0 0. £70a+0f
NOO3 11 18 2 5,5 201 5.8 11.5 0. 1082407
NOO3 g8 1 10 €.7 227 5.0 7.5 0. 315 e+07
NOO3 4 8 7 9.8 219 3.6 5.4 0. 336e+07
NOO4 4 12 8 8.5 229 8. ? 13, 9 0. 139e+08
NOOY 12 18 13 5.1 21¢ 3.5 7.0 0. 372e+0F
NOO5 5 12 8 8.5 223 9*3 1.5 0. 226e+08
NOOS 12 18 14 4*7 235 3.1 .8 0. 498e+0f
NOOB 5 13 8 8.5 219 9.2 1.9 0. 197e+08
NOO7 4 15 9 7.5 224 9* 3 17.2 0. 146e+08
NOO8 4 10 9 7.5 218 5.8 9.5 .569e+07
NOO8 10 13 11 fo 1 223 5.5 8.4 0. 257e+07
NOO8 16 18 17 .9 204 3.2 5.0 0. 108e+06
NOO8 13 16 15 B4 233 3.1 5.8 0.278e+0F
NO09 £ 18 10 £.7 219 .2 12,6 0.487e+G7
NOO09 4 A 5 14,0 213 2.2 2.7 0.228e+07
NO1l1 2 10 9 7.5 198 19.9 49, 1 0. 127e+08
NO12 10 18 16 4.1 19¢ £5.8 150, 3 -0,521e+07
NO12 4 10 7 9.8 197 31.0 4,8 0. 8432407
NO13 5 12 9 7.5 235 9.8 19.3 0. 181e+08
NO13 12 18 13 51 253 9.0 23.0 0. 560e+07
NO1H 11 18 15 4.4 235 14.73 29.1 0. 1972407
NO14 by M 9 7.5 209 10.5 18. 8 0. 173e+08
NO15 16 18 17 3.9 245 10.5 16.8  -0.104e+05
NO15 14 1e 15 4.4 237 9*7 14.3 0.211e+07
NO15 4 12 10 6, 7 234 9.0 17.9 0.85he+07
NO15 T2 14 13 5.1 192 7.8 1.9 0.210e407
NO1F 4 11 9 7*5 236 9*4 16. 2 0. 170e+08
NO16 11 18 13 5.1 249 7.9 19.3 0. 402e+07
NO17 15 18 1¢ 4.1 286 14.7 24.9 0.299e+07
N0O17T 10 15 14 4.2 263 14.0. 2f. 8 0.841e+07
NO17 8 10 9 7.5 221 & 2 10.6 0. 127e+08
NO17 3 8 7 9.8 210 4.2 £, 0 0.25Ue+07
NG18 5 2 M e 1 235 14,1 22.0 0.257e+08
NO18 12 18 14 4,7 242 13.2 26.7 0. 103e+08
NO1g 14 18 16 4.1 252 9.7 17.7 0. 254e+07
NO19 12 14 13 5.1 240 8.0 1.7 0. 42fe+07
NO19 5 12 9 7.5 211 Fe b 14.3 0. 495e+07
NO21 4 15 12 5.5 256 19.:3 37.3 0.295e+08
NO21 15 18 16 4.1 264 14.6 26.8 0.583e+07
NO22 11 18 15 4.4 248 9.1 20. 8 0.353e+07
NO22 5 11 8 8.5 207 6. O 12.2 0.534e+07
NO23 5 12 7 9.8 208 5.9 11.0 0.596e+07
NO25 13 17 16 4.1 196 643 120.6 0. 128e+08
NO25 § 13 12 55 799 41.1 81,1 0.5f9e+08
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=0, 156e+08
0.933e+07
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0. 484e+07
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0. £ 12408
O 350e+07
0.5 18e+07
0. 193e+07
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0. 687e+07
0.279e+07
0. 765e+0f
0.278e+07
0. 197e+07
-0, 187e+08
0. 172e+07
0. 321407
-0.505e+07
0.6T71e+07
-0, 180e4+08
0.241e+07
0. 20U4e+08
-0. 5842407
-0.231e+05

« 5592407
0. 402e+08
0. 711e+07
0. 2800407
0. 14he+08
On 55594—08
0. 489e+08
0. 122e+08
0. 40Ue+07
-0.235e+08
0.28he+08
-0. 11ce+08
~0.527e+07
0.946e+07
0.211e+08
0. 139e+08
~0.285e+07
~0.54%4e+07
0. 113e+08
0.610e+07
-0, 1.88e+08
0. 185e+08



EXP Bs Be Bp T ANGLE H H I1

(sec) {deg) {cm) {cm)y {dyn/sec)
N120 A 8 1 9.8 198 21,7 31.0 0.181e+08
N120 4 ‘» 5 14.0 198 19.1 27.5 0. 332e+08
N121 13 15 14 k.7 149 21.0 27.9 -0. 188e+08
N121 8 13 12 5.5 14 19.8 29.3  -0.199e+08
N121 K 8 7 9.8 221 962 11.0 0.227e+08
N122 12 18 1F 4.1 134 13.4 28.3  -0.303e+07
N122 10 12 1N £.1 149 20.5 14.5 -0, 5T1e+07
N122 410 8 8.5 212 8.8 15.1 0. 1282408
N123 9 16 14 4,7 147 9.8 20.4  -0.472e+07
N123 5 9 8 8.5 206 7.1 113 0.7132+07
N124 12 18 1@ 4.1 144 18.2 29.5  -0.881e+07
N124 4 12 8 8.5 217 5.8 1.6 0. 724e+07
N125 16 18 17 3.9 183 1. ? 18.1  -0.982e+0f
N125 9 1A 14 4.7 148 11.0 22.0 -0, 480e+07
N125 4 9 8 8.5 218 7.7 9.5 0. 123e+08
N126 4 10 8 8.5 209 7. 6 12. 4 0. 10fe+08
N126 10 13 11 6.1 196 f. bt 11.1 0.212e+07
N12f 13 17 15 4.4 132 5.3 11.0  -0.480e+0¢
N127 11 18 17 3.9 145 11.1 22.2  -0.34%5e+07
N127 8 11 9 7.5 215 S. 0 8.6 0. 427e+07
N127 4 8 7 9.8 208 4.9 6.9 0. 374e+07
N128 12 18 15 u.y 143 13.2 23,9  =0.T775e+07
N128 8 12 10 fT 223 5.9 11.2 0. 397e+07
N128 4 8 7 9.8 215 5.2 8.1 0.648e+07
N129 5 11 8 8.5 215 5.4 9.8 0.Ff31e+07
N129 1t 15 1l 4,7 149 4. ¢ 7.9  -0.709e+0ph
N130 14 18 15 4.4 139 34.5 R0. 3 -0. 302e+08
N130 8 14 13 5.1 192 30.0 53.3 -0.271e+08
N130 4 8 7 9.8 211 5.3 8.3 0.431e+07
N13% 10 1 14 4.7 196 25.1 41*5  -0.225e+07
N13Y 5 10 8 8.5 210 4.9 9.0 0.283e+07
N135 9 b 13 5.1 197 30.4 63.6 -0.289e+08
N135 3 9 8 8.5 200 11.6 25.6 0.685e+07
N136 9 18 13 5.1 194 19.5 45.6  -0.824e+07
N13F £ 9 8 8.5 218 4.3 fo U 0.357e+07
N137 2 15 12 5.5 192 30.8 61.2  -0.398e+08
N137 15 1?7 1f 4.1 196 29.2 44.9 -0, 110e+08
N138 10 15 12 5.5 190 35.8 60.3  ~0.389e+08
N138 4 10 9 7.5 "195 12.6 25.7 0. 162e+07
N 139 4 12 1 6. 1 194 34,7 71.1  ~0. 25Fe+07
N140 3 01 9 7.5 209 30.8 55.1 0.717e+08
N141 7 1 9 7.5 203 35.7 f2.8 0.378e+08
N141 5 7 6 11.5 194 20.2 31.0 0.282e+08
N142 15 18 17 3.9 197 55.6 95.2 0.296e+07
N142 11 15 14 b7 196 39.2 £6.7 0.324e+07
N142 7N 9 7.5 196 28.0 53.6 0. 2642408
N142 4 7 6 11.5 197 18.3 31.7 0.977e+07
N146 7 15 13 5.1 194 448 90.4  -0. 125408
N146 4 7 6 11.5 196 14.2 26.3 0. 114e+07
N146 2 4 3 25.0 199 13.0 21.3 0. 480e+08
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0. 178e+0F
0. 985e40r
0. 122e+07
-0.728e+0f
0.310e+07
0. b70e+0F
0. 1542407
0. 311e+0F
0. 342e40F
-0.7391e+05
0. 1702407
U. UB4e4+06
~0. 493e+0F
0. 1952+07
0.595e+06
0. 162e+07
0.209e+07
0. 151e+0n
0.507e+06
0. 135e+07
0. 106e+07
-0. 188e+0hA
0.54he+07
0. 10he+07
0. 192e+05
0.84Be+0r
0. fF3e+0h
0. 15he+07
0. 176e+04
0. 727e+07
0.391e+07
0. 108e+07
0. 302e+08
0. 169e+07
0. 450e+07
0. 1492408
Q. 166407
0. 199e+07
0.421e+07
0.151e+07
0.318e+07
0. 493e+07
0.277e+07
0. 637e+07
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0. 151e+07
0.187e+07
0. 168e407
0.214e+07
0. 859e+06



EXP Bs Be Bp - ANGE H H Il
(see; (deg) {cm) (cm (dyn/sec)

N192 7T 14 1 he 1 241 5.8 11.5 0. 34he+07
N192 4 7 6 11.5 213 2.1 3.2 0. 104e+07
N193 12 1§ 17 “2.9 245 10.7 20.1 0. 170e+07
N163 9 12 11 Fel 230 5 5 7.1 0. 206e+07
N193 4 9 5 14.0 204 2.6 “5%0 0. 868e+0f
N 194 g 14 13 B 1 238 8.6 15.3 0.518e+07
N194 Y 8 7 9.8 205 2.2 4.4 0.5U47e+0F
N195 12 18 17 3.9 202 1.3 21.1 0. 208e+07
N195 8 12 11 fa 1 223 6.3 10.2 0. 4252407
N195 4 8 6 11.5 207 3.3 5o 1 0.271e+07
N19R 8 13 12 5.5 224 1.5 14.0 0. 4242407
N196 13 18 15 4.4 206 7 3 15.7 0.101e+07
N19e ] 8 £ 11.5 213 3.5 5.6 0.379e+07
NL97 13 18 16 L1 211 5.5 1.7 0.771e+06
N197 11 13 12 5.5 218 5.3 8.7 0.21k4e+07
N197 9 11 10 6, 7 237 5.2 7.6 0.392e+07
N197 3 9 7 9.8 212 3*7 he F 0.22Ue+07
N1g8 8 13 12 5.5 226 6.9 11.3 0., 41Re+07
N198 13 17 15 4.4 212 5.2 10.7 0. €30e+06
N198 4 8 7 9.8 209 7 5.3 0. 236e+07
N199 9 14 11 Fol 237 5. 7 10.0 0. 372e+07
N199 14 17T 16 4.1 215 4, A 7. 9 0. 421e+06
N199 4 9 8 8.5 209 2.2 4,2 0.559e+06
N20O 9 18 11 6o 1 232 5.3 11. 3 0.319e+07
N200 4 9 7 9.8 208 2*9 5.2 0. 163e+07
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TABLE 3

Frequencies and periods associated with

anal ysi s.

lumn headers:
= Band nunber
= Frequency (seél)

Co
B
f

T = Period (see).

lus)

-
O OP Vo O WN —

P P FP PP PEPE PR
co No Ul wpN

. 00879
. 02441

04004

. 05566
. 07129
. 08691

10254

. 11816
. 13379
. 14941
. 16504
. 18066
. 19629
21191

. 22754
. 24316
. 25879
. 27441
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VIt .

vi. NEEDS rFOR FURTHER STUDY

A Storms and their effects on the Bering Sea coast of Al aska
shoul d be studied in greaterdetail. These studies shoul d include
addi tional studies on the frequency and magni tude of storm surge and

extrenme wave conditions.

B. Long-term changes in shoreline position should be assessed
in greater detail.

c. In order to properly evaluate the output of the wave nodel,
we need direct neasurenent of a wi de spectrum of wave energies. At
| east one nore field season of wave neasurenent is necessary. ~

D. OCSEAP should consider maintaining a mediumlevel study on coastal
processes of the southern portion of the Bristol Bay coast of the Al aska
Peninsula. This is a critical area in view of its high biol ogical
productivity (e.g. Izembek Lagoon) and its proximty to potential deep
water ports on the south side of the Peninsula.
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